###### Strengths and limitations of this study

-   The study is based on nationally representative panel samples with repeated measures.

-   This study first examined the distance travelled by patients to dental clinics, as well as the distance covered when bypassing nearby dental clinics in Korea.

-   After geocoding a respondent's home and the dental clinic visited, the distance between them was measured using actual road network data.

-   The limitation of the study is that workers who tended to choose a dental clinic near their workplace rather than their residence were excluded from the analyses as the data regarding the workplace were not available.

Introduction {#s1}
============

A patient's choice of healthcare facility is affected by geographical factors,[@R1] available transportation[@R2] and proximity to his/her workplace[@R3] or residence.[@R3] Spatial accessibility to healthcare services can affect health outcomes, especially those of acute illness[@R3]; however, for improving access, most attention is directed towards aspatial aspects such as cost and health insurance. This interest is attributable to policy priority, which emphasises eliminating unmet healthcare needs related to socioeconomic gradients.[@R6] Recent interest in the spatial analysis of health services is indebted to the development of geometric information systems and data availability and to changes in people's preferences related to healthcare outcomes, quality of care and the exercise of patient rights.[@R1] Increased mobility in society and developments in the transportation system have expanded the travel distance for daily activities, including travel to dental clinics.[@R1]

Many reports exist on patients' bypassing of healthcare institutions when using services for childbearing,[@R7] acute ischaemic stroke,[@R8] mammography examinations,[@R9] radiation therapy for cancer,[@R10] HIV treatment,[@R11] haemodialysis[@R12] and so on. Studies on the topic assume that the nearest healthcare facility is bypassed in favour of one with a superior quality of healthcare.[@R13] Bypass is the distance from the nearest provider or facility to another provider or facility that is beyond the defined threshold used in each study; this distance is used as a measure of geographical accessibility.[@R14] Studies[@R15] report that patients bypass primary healthcare facilities because of their perceptions of size, lack of specialty care and limited services. Melcher *et al* [@R16] also found that patients bypassed local hospitals in rural areas because of the unavailability of desired healthcare services, use of healthcare facilities close to their workplace in an urban area, previous experience of bypassing rural hospitals and quality assurance.

Few studies have investigated the bypassing of dental care facilities.[@R14] McKernan *et al* [@R14] reported that the rate of dentist bypass was 76.8%. With consent from the Korea Institute for Health and Social Affairs (Sejong, South Korea), in this study we used data from 2008 to 2011 Korea Health Panel (KHP; Sejong, South Korea)[@R17] to examine travel and bypass distance to dental care facilities and to determine factors associated with travel distance to a dental clinic and bypassing the nearest dental facilities. Distance travelled to a dental facility in this context refers to the patient's preferred dental care facility and use of dental care, and in Khan's terms, involves 'realised spatial' accessibility.[@R18]

Methods {#s2}
=======

Study population and data collection {#s2a}
------------------------------------

The KHP is a national panel survey established in 2008 with 7866 nationally representative households in South Korea. The same questionnaires are administered to the same households annually. In 2011, the retention rate of the KHP was 69.2%.[@R17] The KHP collects information on healthcare expenditures, patterns and types of healthcare service utilisation and factors, such as demographics, health status, income and health behaviour, influencing utilisation and consumption patterns. The KHP employs the South Korea Population and Housing Census (Seoul, South Korea) as its sampling frame to maintain national representativeness. For population-level analysis, resident type, sex and home ownership are used as variables. Sample households are chosen using probability proportional to the size and a stratified cluster sampling method. For our analysis, we used KHP data for 2008--2011. The individuals in this analysis were users of dental care services who received care at least once during the study period. A total of 2375 patients and 15 978 dental visits were analysed.

Configuration of the variables {#s2b}
------------------------------

Spatial barriers to healthcare utilisation imply limited geographical accessibility due to an imbalance of the spatial distribution of healthcare institutions. Spatial barriers are often measured in terms of travel distance,[@R5] transportation availability[@R19] and time travelled.[@R5] In this study, we chose to measure the travel distance to evaluate spatial barriers to dental care utilisation. To measure the distance travelled to a dental clinic (ie, travel distance), we used digital administrative district maps provided by Statistics Korea (Daegu, South Korea)[@R20] and the digital transportation map provided by the Korea Transport Database (Sejong, South Korea).[@R21] Using network analysis, we calculated the distances from a dental service user's residence to the dental clinic nearest the user's residence and from the user's residence to the dental clinic they actually used. This allowed us to measure the shortest distance to a dental clinic. The road network used in this study was delimited to local expressways, state-supported local roads, local roads, city expressways and general local roads with 2.8 lanes (range 1--16 lanes) on average.

To obtain the distance measurement, the addresses of patients' residences and dental clinics were geocoded; then, the geocodes were combined through network analysis based on digital geographical maps and traffic network maps. 'Bypass distance' was the distance from the nearest dental clinic to the dental clinic actually used. In this case, the bypass distance was defined as the distance between two dental clinics exceeding a 500 m threshold. The 500 m threshold is the distance travelled in approximately 15 min by foot. Within the distance threshold, the difference was insignificant for dental clinic use because it included the radius of daily activity and shared market area.[@R14] [Figure 1](#F1){ref-type="fig"} shows the typical bypass of the nearest dental clinics. Patients who lived in an urban district (eg, Seocho District) bypassed nearby dental clinics (indicated by blue triangles in [figure 1](#F1){ref-type="fig"}) and visited their preferred dental clinics (indicated by red circles in [figure 1](#F1){ref-type="fig"}), including clinics beyond the district border.

![The maps display bypass of the nearest dental clinics.](bmjopen-2018-024116f01){#F1}

Our independent variables were sex, age, educational level, equivalent income, administrative district classification, treatment details and study period (2008--2011). Patients, aged 20--44 years, were the reference group. The remaining patients were divided into two age groups: 45--65 years and \>65 years. Educational levels were elementary school or lower, middle school and high school, and college and/or enrolled in higher education. Equivalent income was calculated by dividing the total household annual income by the square root of the family size. To evaluate the degree of urbanisation, which was often related to the density of regional dental resources (eg, the number of dental professionals and facilities), we categorised 251 municipalities in South Korea into three types: urban district, mid-to-small city and rural county. We used the municipality variable as a proxy of unequal distribution of dental resources because of the positive relationship between population size and dental resource distribution at the municipal level in South Korea. We classified dental treatments into three types: prosthetics (including dentures), implants and orthodontic services, and others. Most prostheses and implants/orthodontics are not covered by the National Health Insurance (NHI; Seoul, South Korea). Patients are instead expected to pay the entire cost of these services. To account for variations in the use of dental care services during the survey period, the model included categorical year terms.

[Figure 2](#F2){ref-type="fig"} displays the geographical distribution of the patients and dental clinics. The density and proximity of dental clinics to the respondents' residences are delineated in urban districts, small cities and rural areas. Dental clinics were highly concentrated in urban districts (upper right), whereas they were sparse in rural counties (lower right).

![Distribution of dental resources by geographical area.](bmjopen-2018-024116f02){#F2}

Statistical analysis {#s2c}
--------------------

The KHP dataset tended to show intraindividual correlations owing to repeated measurements.[@R22] During the 4-year study period, individuals used dental care 1--110 times. The panel data analysis methods used can generally be divided into a 'subject-specific' model and a 'population-averaged' model. The former explicitly shows heteroscedasticity among the subjects, while the latter is a function of covariates without considering explicit heteroscedasticity. Random-effects models are used to estimate subject-specific effects, while the generalised estimating equations (GEEs) method is usually used to provide population-averaged effects.[@R23] In this study, we employed the population-averaged GEE method, which identifies the average variation of dependent variables in a population rather than the individual's level of change.[@R24] The travel distance was skewed positively; we log-transformed the dependent variables in preparation for GEE regression analysis and employed identity as the link function and Gaussian as the family in the GEE. The coefficients of GEE regression represent logged values and were exponentially transformed for readability. GRASS GIS 7 (GRASS Development Team, Open Source Geospatial Foundation. <http://grass.osgeo.org>) was used to measure the bypass and travel distances, and R V.3.3.4 for Windows (R Foundation for Statistical Computing, Vienna, Austria) was used for statistical analyses.

Patient and public involvement statement {#s2d}
----------------------------------------

The requirement for obtaining informed consent from subjects was waived because of the study's secondary analysis of KHP data.

Results {#s3}
=======

Subject characteristics {#s3a}
-----------------------

[Table 1](#T1){ref-type="table"} shows the distribution of frequency of visits and distance to dental clinics based on the respondents' characteristics. Women used more dental services than men. Individuals \>65 years accounted for approximately 38% of the total dental care services used, and 34% of the respondents were elderly. Patients whose educational level was lower than middle school accounted for nearly a quarter of the visits (4174 visits). Distance travelled to dental clinics varied based on the type of dental services. More than four-sixths of dental visits were by urban district residents.

###### 

Travel and bypass distance based on subjects' characteristics and region

  Variable                                   Frequency       Travel distance (km)   Bypass distance (km)          
  ------------------------------------------ --------------- ---------------------- ---------------------- ------ ---------------
  Total                                      15 846 (100)    1.81                   9.41 (34.75)           0.83   8.40 (34.62)
  Sex                                                                                                             
   Men                                       3655 (23.1)     1.97                   9.63 (33.37)           0.98   8.61 (33.29)
   Women                                     12 191 (76.9)   1.77                   9.35 (35.15)           0.81   8.34 (35.01)
  Age group^vm\*\*\ bm\*\*^                                                                                       
   20--44                                    3876 (24.5)     1.44                   12.35 (50.21)          0.69   11.47 (50.19)
   45--65                                    5947 (37.5)     1.77                   6.51 (19.47)           0.91   5.65 (19.35)
   \>65                                      6023 (38.0)     2.15                   10.40 (34.16)          0.91   9.15 (33.93)
  Educational attainment^vm\*\*\ bm\*\*^                                                                          
   \<Elementary school                       4174 (26.3)     2.01                   8.55 (25.2)            0.79   7.24 (24.89)
   Middle/high school                        7984 (50.4)     1.61                   7.78 (29.2)            0.78   6.78 (29.07)
   \>College                                 3688 (23.3)     2.26                   13.96 (51.0)           1.24   13.06 (50.94)
  Trisection of equivalent income                                                                                 
   T1                                        5282 (33.3)     1.95                   10.11 (35.92)          0.92   8.94 (35.74)
   T2                                        5284 (33.3)     1.67                   8.70 (32.86)           0.69   7.64 (32.69)
   T3                                        5280 (33.3)     1.94                   9.44 (35.38)           0.95   8.63 (35.35)
  Type of dental treatment^vm\*\*\ bm\*\*^                                                                        
   Others                                    12 699 (80.1)   1.59                   8.23 (31.38)           0.71   7.23 (31.27)
   Implant/orthodontic                       1379 (8.7)      3.34                   14.69 (41.66)          2.41   13.76 (41.48)
   Prosthesis                                1768 (11.2)     2.26                   13.83 (48.41)          1.46   12.66 (48.25)
  Geographical region^vm\*^                                                                                       
   Urban district                            10 000 (63.1)   1.54                   8.71 (37.48)           0.86   8.07 (37.41)
   Small city                                4578 (28.9)     2.05                   9.86 (31.13)           0.74   8.64 (30.99)
   Rural county                              1268 (8.0)      8.43                   13.32 (22.14)          0.96   10.18 (21.67)

\*P\<0.05; \*\*P\<0.001.

bm, mean of the bypass distance; vm, mean of the visit distance.

Distance travelled to dental clinics and bypass status {#s3b}
------------------------------------------------------

For distance measured, it was necessary to consider the outliers because they denoted unusual encounters. For this reason, we reported the median distance with the mean value. The mean distance travelled to dental clinics was 9.41 km, approximately 1 km farther than the bypass distance. This implied that the mean distance from the nearest dental clinic to a respondent's residence was 1 km in the study population. The mean travel distance was significantly higher for people who were 20--44 years, had a college education, used implant/orthodontics and prosthetics and were rural residents.

The patterns of the bypass and travel distance were similar. Compared with other respondents, those with the highest education travelled more than 5 km farther to dental clinics and also travelled approximately twice the bypass distance as compared with patients with middle/high school education. Patients with non-covered services (eg, implants/orthodontics, dental prostheses) were more likely to bypass the nearest dental clinic and travel farther than patients with NHI-covered dental services. However, rural respondents were more likely to travel farther to dental clinics, compared with other respondents, whereas the bypass distance was not significantly different. For example, the difference in travel distance was more than 4 km between rural and urban district respondents, but the difference in bypass distance was only approximately 2 km.

Income level measured by equivalent income was not significantly associated with travel and bypass distance. For dental service utilisation, the poorest group travelled and bypassed farther distances than the highest income group, but the middle-income group travelled and bypassed the shortest distances. Sex was not associated with the distance travelled or with bypassing the nearest dental clinics.

The mean bypass rate was 58.9% (ie, every four of six visits was a bypass visit). Bypass rates were not significantly different by geographical region (p=0.183). The rates of dental clinic bypass were 59.6%, 58.1% and 58.0% in urban districts, small cities and rural counties, respectively. Most (95.7%) dental clinics in urban districts were within 2 km of a subject's residence, compared with approximately 59% of clinics in rural county areas. More than 27% of rural dental clinics were \>5 km from a subject's residence, compared with just 0.4% in urban districts. In urban areas, the greater the distance to the nearest dental clinic, the greater the tendency to bypass. However, rural areas tended to have the highest distance travelled at the middle distance (2--5 km) ([figure 3](#F3){ref-type="fig"}).

![Travel distance to dental clinic and bypass rates by distance to the nearest dental clinic.](bmjopen-2018-024116f03){#F3}

Effect of respondents' characteristics on distance travelled to a dental clinic and bypassing the nearest dental clinic {#s3c}
-----------------------------------------------------------------------------------------------------------------------

Bypassing the nearest dental clinic was associated with travel distance over nine times farther (p\<0.001). The distance travelled by patients 45--65 years and \>65 years was 1.26 times (p\<0.05) and 1.37 times (p\<0.05), respectively, that of the reference group (ie, respondents 20--44 years). College graduates travelled 1.27 times (p\<0.05) farther than high/middle school respondents. Equivalent income was not associated with the distance travelled to dental clinics. Compared with urban district residents, small city residents and rural county residents travelled 1.25 times (p\<0.05) and 1.98 times (p\<0.001) farther, respectively. The distance travelled to dental clinics increased approximately 1.17 times (p\<0.05) for implant/orthodontic services compared with covered dental services. However, prostheses users did not statistically differ from the reference group ([table 2](#T2){ref-type="table"}).

###### 

Results of GEE analysis, including variables associated with distance

  Variables                         Travel distance   Bypass distance                                      
  --------------------------------- ----------------- ----------------- ----------------- ------ --------- ----------------
  Bypass                            9.63              \<0.001           (8.71 to 10.64)                    
  Age group (year)                                                                                         
   45--65                           1.26              0.006             (1.07 to 1.49)    1.71   0.032     (1.05 to 2.79)
   \>65                             1.37              0.003             (1.11 to 1.69)    2.08   0.021     (1.11 to 3.87)
  Sex                                                                                                      
   Women                            1.09              0.352             (0.91 to 1.31)    1.54   0.133     (0.88 to 2.72)
  Education                                                                                                
   \<Elementary school              1.04              0.659             (0.86 to 1.26)    0.50   0.022     (0.28 to 0.91)
   \>College                        1.27              0.009             (1.06 to 1.52)    1.88   0.027     (1.07 to 3.28)
  Trisection of equivalent income                                                                          
   T2                               0.95              0.344             (0.86 to 1.05)    0.47   \<0.001   (0.36 to 0.62)
   T3                               0.99              0.916             (0.88 to 1.12)    0.42   \<0.001   (0.31 to 0.59)
  Geographical region                                                                                      
   Small cities                     1.25              0.003             (1.08 to 1.45)    0.40   \<0.001   (0.26 to 0.63)
   Rural county                     1.98              \<0.001           (1.55 to 2.54)    0.63   0.233     (0.29 to 1.35)
  Type of dental treatment                                                                                 
   Implants/orthodontics            1.17              0.002             (1.06 to 1.28)    1.53   0.001     (1.20 to 1.95)
   Prostheses                       1.07              0.076             (0.99 to 1.15)    0.97   0.754     (0.81 to 1.17)
  Temporal trend                                                                                           
   Year 2009                        1.00              0.988             (0.92 to 1.08)    2.06   \<0.001   (1.69 to 2.51)
   Year 2010                        1.22              \<0.001           (1.12 to 1.32)    2.29   \<0.001   (1.86 to 2.83)
   Year 2011                        1.19              \<0.001           (1.09 to 1.29)    1.42   0.001     (1.15 to 1.77)

The dependent variable was log-transformed.

Exp (β), exponentiation of coefficient; β, coefficient of generalised estimating equation regression.

GEE, generalised estimating equation.

Some characteristics of the respondents were associated with bypass distance, but the patterns differed. Household equivalent income inversely affected bypass but not travel distance. Low-income respondents travelled farther beyond the nearest dentists compared with higher income groups. Unlike travel distance, there was no significant difference between rural and urban respondents in bypass distance. This could be attributed to the fact that the bypass distance was not large and the distance to the nearest dental clinics was far greater for rural than for urban respondents. Respondents seeking implants and orthodontic services were more likely to bypass the nearest dental clinics and travel farther than the reference group.

Discussion {#s4}
==========

Using KHP data for 2008--2011, we examined factors associated with to what extent respondents bypassed the nearest clinics when they required dental services. Our results showed that the distance travelled to dental clinics was greater for the older age group, respondents with college and higher education, respondents in rural areas and for dental services not covered by the NHI. The rate of bypassing the nearest dental clinics was approximately 60%; the rate did not differ between geographical regions. Bypassing the nearest dental clinics was associated with age, educational attainment, equivalent income, geographical region and type of dental service.

The bypass rate in this study was lower than that of a dental study[@R14] in the USA. The reason for the lower rate in this study was the density of dentists per unit area and the difference in the dental care delivery system. The density of dentists per 1000 people in the USA (0.6) is higher than that in South Korea (0.43)[@R25]; however, the number of dentists per unit area in South Korea is greater than that in the USA, which suggests that South Korean patients are more likely to travel shorter distances than patients in the USA. Additionally, dental specialty licences have only recently been introduced in South Korea; therefore, referring patients to specialists has not yet been widely adopted.

Education and income are traditionally key factors in the use of healthcare services. Income has a considerable impact on dental care utilisation. Based on regression analysis, income had no consistent association with spatial distance, whereas educational level (especially a higher level such as attending college and advanced study) had a significant association with farther travel and bypass distance. We previously found that patients who had attained a higher level of education (ie, above college) visited healthcare facilities that were approximately 2.7 km farther away from their residence than did those with lower educational attainment.[@R26] These findings indicated that the inconvenience of travel, opportunity cost and time spent travelling could be offset by the satisfaction gained by the use of self-selected dental care services.

The relationship of income with spatial accessibility is inconclusive. Our study showed that income had no effect on the travel distance but had an inverse relationship with bypass distance. This finding could be attributed to the fact that dental resources were more densely located in affluent areas. A patient's willingness to travel a greater distance to a dental clinic for preferred services was similar between poor and rich patients, but the bypass distance of rich patients was shorter than that of the poor patients because of the unequal distribution of dental resources, which favours the rich. Additionally, NHI-covered basic dental services are provided to all citizens, and the out-of-pocket expenses of basic dental services are affordable for the poor. For example, in a study in the USA, low income was a predictor of increased travel distance when using medical/dental care services[@R27] and orthodontic care in rural low-income children[@R28] and a predictor of higher bypass distance.[@R14] However, a study conducted in the UK reported that travel distances increased with higher income levels.[@R29] The reason for the reverse impact of income on travel distance to dental clinics in these studies may be because of differences in the dental insurance systems in the two countries.

Travel distance to healthcare facilities impacts several areas. A distance-decay model noted that increased travel distances to healthcare facilities generally impeded the proper use of healthcare services.[@R30] Furthermore, the disproportionate distribution of dental resources constitutes a spatial barrier that can demand greater travel distances, and thus affect transportation and opportunity costs.[@R31] Rural residents,[@R5] the elderly[@R1] and people with conditions[@R1] tended to be willing to travel longer distances. Moreover, patients' perceptions that influenced their willingness to travel longer distances encompassed their level of involvement in decisions about their condition/illness or treatment, the reputation of the provider and the convenience in scheduling.[@R1]

Travel distances for prosthetics (including dentures), implants and orthodontic treatments not covered by the NHI were longer than travel distances for general conservative and periodontal services. A respondent's effort and wish to receive acceptable non-covered dental services was largely proportionate to the cost, and it increased his/her willingness to travel greater distances. Thus, nearby and distant dental clinics were both included in a resident's potential travel range. However, respondents using expensive dental services were more likely to bypass nearby dental clinics. Impedance such as travel and bypass distance were no longer barriers for these acceptable dental services.

Our regression findings revealed that travel and bypass distances were shorter in younger adults (20--44 years) than in the elderly. This finding was inconsistent with previous studies[@R1] in which younger groups travelled farther than the elderly for healthcare. For example, the Department for Transport in the UK reported that adults 30--39 years and 50--64 years annually travelled 9335 miles and 7865 miles, respectively, compared with 1794 miles for adults 65--79 years.[@R34] In our study, patients \>65 years travelled 1.37 times as far as patients 20--44 years. We believe this is associated with a previous finding[@R35] that the elderly are largely poor and unemployed, and thus use their money more carefully. They also receive non-covered services more often than the reference group because they have poorer oral health than the reference group; these factors force the elderly to travel farther for acceptable treatments.

Conclusion {#s5}
==========

With the repeatedly measured KHP data, we could analyse the mode of a distance of travel and bypass to a dental clinic and examine the factors associated with spatial distance. The limitation of this study is that workers who tend to choose a dental clinic near their workplace rather than one near their residence were excluded from the analyses as the KHP did not provide data regarding the workplace. Second, the travel time was not analysed. The travel distance is generally proportional to the travel time, but may vary depending on the traffic situation. Especially in urban areas, travel time and distance are not likely to be proportional. Lastly, since the KHP data only listed the type of dental care provided, we could not include detailed information regarding the characteristics of the chosen dental clinics, such as their quality, prices, availability of services or other factors that might explain the respondent's choice of dental clinic.

Our findings suggest that the distances respondents travelled to visit dental clinics reflected the range of distances they considered acceptable to travel for personal care purposes, and differed depending on the specific dental treatment and sociodemographic characteristics. Bypassing is costly and inefficient for the individuals and the health system[@R36] and is seen as a powerful expression of a patient's preference, lack of service variety, obsolete equipment and perceived poor quality.[@R37] To ensure that patients receive timely and accessible high-quality services, the health system provides relevant information to help them seek healthcare institutions and professionals. Governmental policies that provide incentives for dentists to set up clinics in areas where dental resources are lacking are also required. Then, dentists can consider providing practical benefits to patients with large bypass distances, for example, by ensuring that the appointment time is strictly adhered to and by providing support for transportation costs based on the time and distance travelled.
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